We analyzed the association between hematologic factors and blood velocity of the middle cerebral artery in 42 healthy ambulatory subjects aged 63-86 years. We found a significant inverse association between mean velocity and both hematocrit (r=-037, p<0.02) and fibrinogen concentration (r=-0.42,/?< 0.005). These two variables are independently associated with velocity and together explain 29% of the variance in mean velocity. 89 and an inverse relation between MCA velocity and hematocrit. 10 We evaluated an ambulatory elderly population without hematologic disease or cerebrovascular symptoms, using transcranial Doppler ultrasound of the MCA. We also measured selected hematologic and rheologic variables to determine correlates of MCA velocity in this population.
D oppler ultrasound analysis of the intracranial
vasculature is now used to evaluate patients with subarachnoid hemorrhage, arteriovenous malformations, and ischemic cerebrovascular disease. 1 ' 2 Due to its accessibility and easy signal identification, the middle cerebral artery (MCA) is widely accepted as the vessel of choice for validation studies. 3 -7 Previous reports have demonstrated decreasing MCA velocity and increasing pulsatility with age 89 and an inverse relation between MCA velocity and hematocrit. 10 We evaluated an ambulatory elderly population without hematologic disease or cerebrovascular symptoms, using transcranial Doppler ultrasound of the MCA. We also measured selected hematologic and rheologic variables to determine correlates of MCA velocity in this population.
Subjects and Methods
We studied 42 ambulatory volunteers (35 men and seven women) free of acute illness and chosen from a retirement community in which we are conducting a prospective cohort study. 11 All participants com-pleted a detailed questionnaire including information on medical history and symptoms of neurologic and cardiovascular disease. No subject had a history of stroke or transient ischemic attack or symptoms of pulmonary disease. We measured MCA blood velocity using a 2-MHz pulsed-wave, range-gated Doppler device (Model Transpect TCD, MedaSonics, Mountain View, Calif.). This device provides real-time calculation and display with rapid postprocessing quantification upon a freeze operation; spectral information is displayed as velocity (centimeters per second), with determination of peak systolic velocity (i.e., velocity of the fastest erythrocytes during systole), mean velocity (i.e., average velocity of the fastest erythrocytes during the cardiac cycle), and the systolic/diastolic (S/D) ratio. We examined the subjects while lying down with the eyes closed and breathing normally, with the head elevated no more than 45°. All studies were done by one examiner. Doppler signals were obtained from both MCAs by placing the probe over the temporal window. The MCA segment with the maximal reflected signal at a depth of 35-55 mm was recorded on each side. Sweep time was 2 seconds and, depending on the heart rate, two or three cardiac cycles were evaluated on each side. The MCA signal was recognized as flow toward the probe with maximal intensity at this depth; increasing the depth of focus showed a new signal with flow away from the probe, indicating the anterior cerebral artery. For the purposes of this study, we averaged the velocities from the bilateral measurements.
Two-milliliter blood samples anticoagulated with 1.5 mg/ml ethylenediaminetetraacetic acid (EDTA) were taken by sterile venipuncture from subjects 20 minutes before the transcranial Doppler examination. In all subjects, we measured hematocrit by the conventional microhematocrit centrifuge method and plasma fibrinogen based on the turbidimetric rate of the formation of fibrin polymer (Du Pont ACA, Wilmington, Del.). We also measured erythrocyte aggregation by the zeta sedimentation ratio method using a Zetafuge (Coulter Electronics, Hialeah, Fla.). The zeta sedimentation ratio is determined as follows: after 3 minutes of low-speed (8-9 g) centrifugation of blood in the Zetafuge, cell aggregation causes the erythrocyte-plasma interface to move toward the bottom of the tube. The hematocrit of the blood read after 3 minutes is termed the "zetacrit." The zeta sedimentation ratio is calculated as 100 times the ratio of the true hematocrit to the zetacrit. Note that the zeta sedimentation ratio increases with increasing erythrocyte aggregation 1213 and, over the physiologic range, is independent of the true hematocrit. 13 In 30 subjects, we measured hemoglobin concentration, leukocyte count, and platelet count using an automated hematology analyzer (Minos STX, ABX, Horsham, Pa.).
We used Student's t tests to determine the significance of differences in blood flow velocity, S/D ratio, and hematologic variables between the sexes. We used Pearson's product moment correlation coefficients and simple linear and multiple regression analyses to quantify associations between velocity and hematologic variables and between hematologic variables themselves.
Results
The mean ± standard deviation age of the subjects was 77±5 (range 63-86) years; three subjects were aged 60-69 years, 23 were aged 70-79 years, and 16 were aged 80-89 years. Doppler recordings of both MCAs were obtained in all 42 subjects, and the averaged values of the peak systolic velocity, mean velocity, and S/D ratio are shown in Table 1 . Peak systolic and mean velocities were highly correlated (r=0.90,p<0.001). There were no significant correlations between age and either velocity or pulsatility as expressed by the S/D ratio (correlation coefficients ranged from -0.13 to 0.13). Peak systolic and mean velocities and pulsatility did not differ between the sexes (p=03, 0.6, and 0.7, respectively).
Values for hematocrit and fibrinogen concentrations are also shown in Table 1 . Other laboratory results included a hemoglobin concentration of 14.3±1.1 g/1, a leukocyte count of 5.7±1.3xlO 3 /ml, a platelet count of 204±49xl0 3 /ml, and a zeta sedimentation ratio of 56.7±6.1. Hematocrit was significantly associated with hemoglobin concentration among the 30 subjects in whom both analyses were done (r=0.95, /?<0.001), and fibrinogen concentration was associated with the zeta sedimentation ratio in all 42 subjects (r=0.67,/?<0.001). It is important to note that there was no significant association between fibrinogen concentration and either hematocrit or hemoglobin concentration (r<0.07,p>0.6).
Hematocrit and fibrinogen concentration were both significantly associated with peak systolic and mean velocities (Figures 1 and 2) . Thus, hematocrit and fibrinogen concentration were both useful in predicting peak systolic and mean velocities. By simple regression analysis, Peak systolic V=-2.13xHct+176 (r=-0.40, /?<0.01) and Peak systolic V=-0.084xF+113 (r=-0.34, p<0.03); Mean V=-1.36xHct + 106 (r=-0.37, p<0.02) and Mean V=-0. 072xF+72  (r=-0A2, p<0.005) . By multiple regression analysis, Peak systolic V=-2.02xHct-0.078xF+199 (r=0.51, p<0.004), and Mean V=-1.26xHct-0.068xF+126 (r=0.54, p< 0.002), where V is velocity, Hct is hematocrit, and F is fibrinogen concentration. Thus, hematocrit and fibrinogen concentration together explained 29% of the variance in mean blood flow velocity and 26% of the variance in peak systolic blood flow velocity as determined by r 2 . Hemoglobin concentration was significantly associated with both peak systolic (r=-0.55,p<0.005) and mean (r=-0.48,/><0.01) velocity in the 30 subjects in whom we measured this variable.
No significant association was found between leukocyte or platelet counts and velocity (correlation coefficients ranged from -0.19 to 0.11,p>0.3). There was no significant correlation between the zeta sedimentation ratio and peak systolic (r= -0.19, p>0.2) or mean (r=-0.28,p=0.07) velocities. The S/D ratio was not significantly correlated with any hematologic variable (correlation coefficients ranged from -0.30 to0.16,p>0.1).
Discussion
Our primary finding is the inverse, independent association between MCA blood velocity and both hematocrit and fibrinogen concentration (Figures 1  and 2 ). The implications of these findings can best be understood in the context of relations between flow and velocity. Transcranial Doppler ultrasonographic measurements of MCA blood velocity do not directly indicate MCA blood flow.
14 However, since volumetric flow is equal to the product of the mean crosssectional velocity and the cross-sectional area, flow and velocity are directly proportional in a region of constant geometry. Our patients were healthy and resting comfortably at the time of the Doppler measurements, likely indicating a steady state with respect to hemodynamic function and MCA crosssectional area. Our finding of an inverse relation between hematocrit and MCA blood velocity confirms that of Brass et al 10 ; the slopes of the linear plot of hematocrit versus MCA blood velocity differ by <14% in the two studies. The hematocrit-MCA blood velocity inverse association is best explained by the relation of hematocrit to whole-blood viscosity and arterial oxygen content. 15 - 16 Grotta et al 17 described an inverse association between fibrinogen concentration and cerebral blood flow. This is consistent with our finding an inverse association between fibrinogen concentration and MCA blood velocity. The lack of a correlation between the erythrocyte sedimentation rate and cerebral blood flow in the previous study 17 is consistent with the lack of a significant correlation between the zeta sedimentation ratio and velocity in our study; both erythrocyte sedimentation rate and the zeta sedimentation ratio are measures of erythrocyte aggregation. However, in contrast to the previous study, we did not find a significant correlation between hematocrit and fibrinogen concentration; these two variables were independently and inversely associated with MCA blood velocity.
The observed relation between fibrinogen concentration and MCA blood velocity is probably best explained by the direct association between fibrinogen concentration and plasma viscosity, with the latter contributing to vascular resistance. 1819 The lack of a significant association between the zeta sedimentation ratio and MCA blood velocity suggests that erythrocyte aggregation, an important determinant of low-shear-rate blood viscosity and vascular resistance in postcapillary venules, 18 does not markedly influence the fibrinogen concentration-MCA blood velocity relation. Another point of interest is that numerous investigations have demonstrated the importance of fibrinogen and fibrin in atherosclerotic lesions. 20 " 22 Thus, a potential alternate mechanism for the fibrinogen concentration-MCA blood velocity inverse relation is that an increased fibrinogen concentration may be a marker for extensive disease of the extracranial vasculature, resulting in a decreased MCA blood velocity.
The variations in MCA blood velocity with changes in hematocrit and fibrinogen concentration may be useful for consideration in clinical practice, at least when dealing with patients in the age range employed in our study. Patients with subarachnoid hemorrhage are often treated with plasma expansion, with consequent reductions in hematocrit and fibrinogen concentration. The increased blood velocity associated with these changes could conceivably be misdiagnosed as vasospasm. Other contributors to variations in MCA blood velocity include age, changes in MCA caliber, and changes in Paco 2 .
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With regard to the latter, a reduction of Dopplerdemonstrable responsiveness to altered Paco 2 has been associated with an increased plasma viscosity and an increased fibrinogen concentration. 23 It is unclear to what extent, if any, this phenomenon contributed to our findings.
In summary, we have demonstrated independent, inverse associations between MCA blood velocity and both hematocrit and fibrinogen concentration in elderly individuals. Fibrinogen concentration appears to affect blood velocity independent of hematocrit. The inverse association between fibrinogen concentration and MCA blood velocity may be relevant to epidemiologic evidence indicating the importance of increased fibrinogen concentrations as a predictor of stroke. 2425 Doppler studies of young individuals may help clarify the mechanisms of the associations that we found. Pt   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42 52  27  56  41  33  41  59  44  43  36  91  53  43  33  30  39  63  53  39  26  41  44  42  29  30  65  34  49  52  48  37  44  59  32  67  70  71  32  52  77  36 
